The present study was designed to determine whether depressive symptoms are independently associated with smoking and nicotine dependence among cigarette smokers, using 1990-1991 data from the Coronary Artery Risk Development in Young Adults (CARDIA) Study. A total of 3,933 participants (788 black men, 1,090 black women, 974 white men, and 1,081 white women) aged 23-35 years were included. Analyses were stratified by race and sex. Depressive symptoms were measured by means of the Center for Epidemiologic Studies Depression (CES-D) Scale. Nicotine dependence was defined as smoking one's first cigarette of the day within 30 minutes of awakening. Analysis of covariance was used to control for potential covariates (age, body mass index, alcohol consumption, and education). In unadjusted comparisons, smokers had more depressive symptoms than never smokers in all groups except white men; this relation showed little change after adjustment for age, body mass index, and alcohol consumption. However, after adjustment for education in addition to the above variables, these differences became attenuated and were significant only among white women (adjusted CES-D score difference = 1.9, p < 0.02). When analyses were further stratified by nicotine dependence, dependent smokers had higher CES-D scores than never smokers in all groups. The differences again became attenuated when education was added to the model, and were significant only among black women (adjusted CES-D score difference = 2.3, p < 0.01). These results indicate that although smoking in general and nicotine-dependent smoking in particular are related to symptoms of depression, controlling for educational level attenuates these relations.
Cigarette smoking continues to be the primary cause of preventable death in the United States (1) , and smoking cessation rates have not changed substantially in recent years, despite advances in treatment (2) . Thus, it remains important to further examine factors associated with smoking that may affect smoking cessation rates. One such factor is depression. A number of studies have reported higher lifetime rates of major depressive episodes among smokers (3) (4) (5) , and cross-sectional studies have found more depressive symptoms in smokers (6) (7) (8) . Perhaps more importantly, smokers with more depressive symptomology have more difficulty in attempting to stop smoking (9, 10) and are more likely to relapse after quitting smoking (11) .
Nicotine, the pharmacologically active component of cigarette smoke, has direct and indirect effects on the neurotransmitters thought to be involved in major depression (5) . There has been speculation that there may be a direct biologic link between nicotine and depression (5, 12, 13) . Smokers with a history of major depression tend to smoke more heavily (14) , and they experience more severe symptoms of nicotine withdrawal during attempts to quit (15, 16) , suggesting that the relationship between smoking and depression may be dose-responsive.
In addition to nicotine, other factors may play a role in the relation between smoking and depression. For example, the increased incidence of alcoholism among smokers (17) has been thought to be partially responsible for the relation, but studies that have statistically adjusted for alcohol intake have found that the relation is independent of this factor (3, 14, 18) . Another factor that may confound the relation is education. Presently in the United States, lower educational attainment is associated with a greater prevalence of smoking (19, 20) , and a lower educational level is also associated with having a greater number of depressive symptoms (21) (22) (23) . Other factors that may confound the relation between smoking and depression include age (24) and obesity (25) .
In the present analysis, the relation between depressive symptoms and smoking was examined in a large biracial cohort of young adult participants in the Coronary Artery Risk Development in Young Adults (CARDIA) Study. Analyses were conducted to determine whether the relation is independent of potentially confounding factors. Nicotine dependence among smokers was also considered.
MATERIALS AND METHODS

Subjects
The CARDIA Study is a prospective epidemiologic study designed to determine the precursors of cardiovascular risk factors in young adults and to investigate the relations between behavioral factors and changes in cardiovascular risk factors over time. Subjects for the CARDIA Study were initially recruited in 1985 and 1986 from four US cities: Birmingham, Alabama; Chicago, Illinois; Minneapolis, Minnesota; and Oakland, California. The population-based sample was approximately balanced within each study center for age (18-24 and 25-30 years) , sex, race (black and white), and educational level (high school graduate or less vs. more than high school). Exclusion criteria included physical handicaps, inability to communicate, and current pregnancy. The study design and baseline characteristics of the participants are described in detail elsewhere (26) .
The Center for Epidemiologic Studies Depression (CES-D) Scale (27) was administered along with assessment of other psychosocial factors at the third examination (1990-1991), 5 years after initial recruitment. Eighty-five percent (n = 4,352) of the initial cohort returned for this examination. Of these persons, 419 were excluded from the present analysis, 402 because of missing data on smoking status and 17 because of missing data on timing of the first cigarette smoked upon awakening. These exclusions left 3,933 participants for analysis, including 788 black men, 1,090 black women, 974 white men, and 1,081 white women. The protocol was approved by the institutional review boards of each of the four study centers.
Data collection
All data for the present analysis were taken from the year 5 examination. The instrument used to measure depressive symptoms was the 20-item CES-D Scale (27) , which is designed to measure a person's current level of depressive symptomatology, with emphasis on the affective component, depressed mood. The CES-D Scale has been shown to have acceptable sensitivity and specificity when used as a screening tool for depression case-finding in nonclinical populations (28) . A score of 16 or higher on the CES-D was used to identify presumptive clinical depression, as has been the case in previous studies (9, 29, 30) .
Cigarette smoking was assessed by means of an interviewer-administered questionnaire. "Ex-smokers" were defined as persons who had previously smoked cigarettes regularly for at least 3 months but had not smoked for at least 3 months prior to the examination. "Current smokers" were defined as persons who had been smoking at least five cigarettes per week, almost every week, for at least 3 months. Assessment of smoking status by the self-report method was confirmed by serum cotinine assays in the first CARDIA examination, with 93 percent of the current smokers and 96 percent of the never smokers being correctly classified using a cutoff point of 19 ng/ml to define smoking (31) . Nicotine-dependent smokers were classified as those who reported smoking their first cigarette within 30 minutes of awakening, in concurrence with previous studies of nicotine dependence (32) . Smokers who reported smoking their first cigarette more than 30 minutes after awakening were considered nondependent. Smokers were also questioned regarding the average number of cigarettes they smoked per day.
Potential covariates included in the analysis were age, body mass index, alcohol intake, and education. Body mass index was calculated as weight (kg) divided by the square of height (m 2 ) (33). Alcohol intake was measured in ml/day by an intervieweradministered questionnaire assessing the average number of drinks of beer, wine, and liquor usually consumed per week over the previous year (34) . Education was measured as the number of years of schooling completed at the year 5 examination.
Statistical analysis
Analyses were stratified by race and sex because of race/sex differences in depressive symptoms. Average levels of CES-D scores and the covariates used in the multivariate analyses were determined for each race/ sex group, and analysis of variance was performed to determine differences among these groups. Chisquared analysis was used to assess racial and sex differences in smoking behavior. Analysis of covariance was used in the models, with age, body mass index, alcohol consumption, and education entered as covariates, in that order. Differences among groups were assessed by the multiple comparison method of Scheffe (35) using adjusted mean values. In a separate set of analyses, logistic regression was then used to determine odds ratios for presumptive clinical depression for ex-smokers and current smokers relative to never smokers. Among smokers, correlation coefficients were calculated to determine relations between depressive symptoms and number of cigarettes smoked per day; multiple regression analysis was also undertaken to control for the above covariates. Finally, each race/sex group was stratified by education (<12 years of education vs. >12 years), and analysis of covariance and logistic regression were repeated within each stratum. Analyses were conducted using version 6.10 of the SAS statistical package (SAS Institute, Inc., Cary, North Carolina).
RESULTS
CES-D scores and covariates, by race and sex
Average values for CES-D score and the covariates are shown in table 1 by race/sex group. Black women had the highest CES-D scores, and black men had higher scores than white men. Blacks had fewer years of education than whites. Body mass index was highest among black women and lowest among white women. Alcohol consumption was greater among men than among women.
Smoking status, by race and sex
More than 50 percent of the subjects in all race/sex groups had never smoked (table 2) . A greater percentage of black participants than white participants were smokers, a difference largely accounted for by the presence of greater numbers of ex-smokers among whites. Among the smokers, nicotine dependence was significantly less prevalent among white women than in any other race/sex group (jf = 12.26, p < 0.007).
Relation between smoking and symptoms of depression
In unadjusted comparisons, smokers had more symptoms of depression than never smokers in all groups, although the relation was not statistically significant among white men (table 3) . Black women who smoked had the highest CES-D scores. The relation between smoking and depressive symptoms showed little change when data were adjusted for age, body mass index, and alcohol consumption (table 3, model 1). However, after the addition of education to the model, the relation between smoking and depressive symptoms was no longer significant among either black men or black women (table 3, model 2). Among white women, smokers had more depressive symptoms than never smokers, even after education was added to the model (adjusted CES-D score difference = 1.9, p < 0.02).
Nicotine-dependent smokers and symptoms of depression
When smokers were separated into nicotinedependent and nondependent groups on the basis of how soon they had their first cigarette in the morning, somewhat different patterns emerged. In unadjusted comparisons, nicotine-dependent smokers had higher CES-D scores than never smokers in all groups, including white men (table 4) . Among black women, dependent smokers had high enough CES-D scores that the difference between dependent and nondependent smokers was significant (p < 0.02). Adjustment for age, body mass index, and alcohol consumption did not substantially alter these relations, except among white men, where the difference between dependent smokers and never smokers was no longer significant (table 4, model 1). However, after education was added to the model, the only significant difference remaining was a difference between dependent smokers and never smokers among black women (table 4, model 2).
In unadjusted analyses among smokers, depressive symptoms were significantly related to number of cigarettes smoked per day only among white women (r = 0.15, p -0.03). There was a trend toward a relation among white men (r = 0.11, p = 0.09) and among black women (r = 0.10, p = 0.07). These relations were not significantly changed after adjustment for age, body mass index, and alcohol consumption. However, after adjustment for these variables plus education, the relation between number of cigarettes smoked per day and depressive symptoms was no longer significant among white women (p > 0.10).
Smoking and symptoms of depression at different levels of education
The relation between smoking and symptoms of depression was examined after each race/sex group was stratified by educational level (table 5). The only group that showed a significant difference between smokers and nonsmokers was white women with more than 12 years of education. Adjustment for age, body mass index, and alcohol intake did not alter these relations.
Smoking, education, and presumptive clinical depression
Results of analyses using presumptive clinical depression (CES-D score ^16) were the same as those 13.6 ± 0.9 11.3 ±0.6*
• CES-D, Center for Epidemlologic Studies Depression Scale. t Mean ± standard error. t Never smokers vs. current smokers: p < 0.05.
described above, with a few exceptions. In analyses dividing nicotine-dependent and nondependent smokers, dependent black female smokers were not more likely to have presumptive clinical depression than were black female nonsmokers after adjustment for education, while this relation was significant for nicotine-dependent white female smokers (after adjustment for all covariates, the odds ratio was 2.00 (95 percent confidence interval 1.17-3.37); p = 0.01).
Among white men in unadjusted and adjusted analyses, dependent smokers were not more likely to have presumptive clinical depression than nonsmokers. Among black men, there was a trend toward exsmokers being more likely to have presumptive clinical depression than nonsmokers, although this finding was not statistically significant (after adjustment for all covariates, the odds ratio was 1.76 (95 percent confidence interval 0.98-3.11); p > 0.05). All other findings using presumptive clinical depression rather than actual CES-D scores as the dependent variable were identical to the results presented in tables 3-5.
DISCUSSION
The results of the present study indicate that educational attainment has an important role in the relation between smoking status and depressive symptoms. Consistent differences in the prevalence of depressive symptoms were found between smokers and nonsmokers in this study. Differences were even more marked when nicotine-dependent smokers were compared with nonsmokers. These differences persisted for all groups except white men after adjustment for age, body mass index, and alcohol intake. However, after addition of education to the model, differences in CES-D scores became attenuated, and were not significantly different except in white women and nicotine-dependent black women. In analyses of presumptive clinical depression based on CES-D scores,
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the results were essentially the same-with the exception that only among white women were nicotinedependent smokers more likely to have presumptive clinical depression after adjustment for education.
The relation between smoking and lower levels of education has been demonstrated previously in the CARDIA cohort (20) and other studies (19) . However, education has only rarely been considered as a covariate in studies assessing the relation between smoking and depressive symptoms. To our knowledge, only one other study, which included only Hispanic Americans, has considered education in such an analysis (7); in that study, smoking remained related to depressive symptoms after adjustment for education. Another study assessed the prevalence of depressive symptoms among lawyers, thus indirectly controlling for education (36) . More depressive symptoms were noted among smokers in male lawyers but not in female lawyers. The elevated educational status of this group, along with the lower prevalence of smoking (15 percent), may have contributed to the findings, which are inconsistent with those of the present study, as well as those of other studies (see below).
This analysis shows that nicotine dependence (as defined by smoking one's first cigarette within 30 minutes of arising) is an important factor in the relation between smoking and depressive symptoms. Among nicotine-dependent black women, the average unadjusted CES-D score was 16, which was higher than the average score in all other groups of black women (including nondependent smokers). Nicotinedependent black women had significantly more depressive symptoms than never smokers even after statistical adjustments including education. One previous study has similarly shown a relation between nicotine dependency and major depression (14) , but that study did not stratify analyses by race and/or sex.
The lack of findings among white men is consistent with other studies showing a stronger relation between smoking and depressive symptoms among women (7, 8, 37) . The more consistent relation between smoking and depressive symptoms among women in this study is also compatible with reports that women are more likely than men to smoke in stressful situations (38) . Contrary to other reports (14, 39) , the present analysis also found that white women are less likely to be nicotine-dependent than either black women or men. This finding may be due to the definition of nicotine dependence used in this study (smoking one's first cigarette within 30 minutes of arising), which may be more sensitive to sex differences. Other measures of nicotine dependence often include the number of cigarettes smoked per day (30, 40) , and it is possible that nicotine-dependent women may need to smoke fewer cigarettes than nicotine-dependent men because of the sex differences in nicotine metabolism (41, 42) .
The present analysis had several limitations which must be considered. The cross-sectional nature of the analysis provided a limited view of the effects of smoking cessation on depressive symptoms; however, numbers of depressive symptoms among former smokers tended to be similar to those seen among never smokers. The direction of the relation between smoking and depressive symptoms (i.e., whether smoking induces more symptoms or whether individuals prone to depression more often take up smoking) has been speculated upon by others (5, 12) , but this issue could not be addressed in this study. Furthermore, firm statements regarding clinical depression cannot be made, as information on psychiatric history was not available, and the CES-D alone cannot be used as a proxy for clinical evaluation. Finally, the use of a single question (time to first cigarette of the morning) to define nicotine dependency somewhat limited the analysis of dependent smokers. However, previous studies have shown a strong relation between use of this question and more elaborate measures of nicotine dependence (39) , and as discussed above, this definition may have advantages in addressing sex differences in this area.
In summary, smoking in general and nicotinedependent smoking in particular are related to depressive symptoms, but controlling for education attenuated these relations in this cohort. Educational level may also serve as a marker for other factors of importance, such as socioeconomic status and knowledge of the adverse health effects of smoking. These factors, occurring together, may have important implications for smoking cessation. Nicotine-dependent smokers have more withdrawal symptoms and lower cessation rates (43, 44) , as do smokers with more depressive symptoms (9-11); lower educational attainment has also been implicated as a factor contributing to failure to quit (19, 45) . The present study indicates that racial differences in the effects of education on depression among smokers may be important, and interventions focusing on black smokers must take these differences into account.
